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The mineral acids currently listed on the section 313 toxic chemical

ligt are commonly used throughout the manufacturirig sector as product

ingredients, reactants, and cheomical processing aidm. Currantly, inorganic
bases are not listed on the saction 313 toxic chemical ligt and, =8 a result,
this diractive focuses on mineral acids. The guidance in thig directive

applies only to these mineral acids listed below:

' Rame _ Eormala
. Sulfuric Acid 7664=93-9 B,S0Q,
o Ritric Acid 7697-37-2 HNC,
. Hydrochloric Acid 7647-01-0 HCl
- Phosphoric Acid 7664--38-2 H PO,
. Hydrofluoric Acid 7664-35-3 HF

Thegae mineral acids may be present in agquaous waste streams that are
sent: to on-gite neytralization or are dischargad to & POTW or other offaite
treatment facility. On-site acid ngutralization and its afficiency must be
raportad in Part III, section 7 of Form R (Wasta Treatment and Efficiency
Section). For purposas of reporting on Form R, EPA considers a waste mineral

acid at a2 pH 6 or highar to ba effactively neutralized. That is, the

treatment efficiency of the neutralization can ba conmsidered 100% and water
digcharges to stroams or POTWR can be reported as zero. It is important to
nota that this intarpretation applise only to mineral acides, not other Section
313 chemicals. If the treatment efficiency is not equal to 100 percent (pH is
lags than 6), the amount of tha listed mineral _acid remsining in the waste
gtream which is released to the environmant on-site must ke reportad in Part
III smction 5 of Form R. If the waste stroeam is ment oft-gite for further
treatment, the amount of mireral acid remaining in the waste stresm must be

reported in Part III mection 6.

1. Batinsting Mineral acid Release

In the case of a listed mineral acid, the pH of the waste stream

<an bea

uged to calculate the amount of acid in a waste wtream and the afficiency of
the naeutralization. The pH is a commonly available measure of the acidity or
Alkalinity of a waste stream and can be obtained ueing a pH meter or pH

sengitive papar. The pH scala itpelf varies from 0 to 1l4.

The total mineral acid concentration {(ionizaed and unionized) in

pounda/gallon can be derived by using the pE value of the solution, the

wolacular waight and ienization constant of the acid, and appropriate

c9nvar-ion factors. The total acid concentration for each mineral acid for
different pH values is listed in Table 1. The derivation of this table is

discussed in a separate addendum to thig diraective, Estimating Releasnes for
Min u ots - Addendum, and is available

from the EPCRA Hotlina, USRPA, 401 M Streaet, SW {05~120), Washingtor. DC

20460; talephone (800) 535~0202 or (703) 920-9877.

The approach cutlined in this directive can only be used for o:
acid in a selution. Also, release estimates for a listed mineral aci
based golely on pH calculations provide only & rough estimata. Tha e
can ba made for a wastestream with a steady pH below 6 or for one whor
temporarily drops to balow pH 6. Facilities should use their best eng
ggggﬁignt and knowlamdge of the solution to evaluate the reascnablenesms
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TABLE 1
MINERAL ACID CONCENTRATION ¥5 pH VALUE

Concentration in lbs/gallon

pH ,50, HNO, HC1 H,PO, HF
0 0.8200000 0.5200000 0.3000000 | #xrxanenns rerreuanen
0.2 0.5200000 0.3300000 0.1900000 | *wsewwarxs oot
0.4 0.3300000 0.2100000 0.1200000 | *xanserart ArTRTEARAw
0.6 0.2100000 0.1300000 0.0760000 7.0700000 | =ensnsuwen
0.8 0.1300000 ¢.0830000 0.0480000 2.8600000 | ®ewnansese
1 0.0820000 0.0520000 0.0300000 1.1700000 4.8000000
1.2 0.0520000 0.0330000 0.0150006 0.4800000 1.9100000
1.4 0.0330000 0.0210000 0.0120000 0.2000000 0.,7600000
1.6 0.0210000 0.0130000 0.0076000 0.0890000 0.3000000
1.8 0.0130000 0.0083000 0.0048000 0.0400000 0.1200000
2 _ 0.0082000 0.0052000 0.0030000 0.0150000 0.0490000
2.2 0.0052000 0.0033000 0.0025000 0.0095000 0.0200000
2.4 0.0033000 0.0021000 0.0012000 0.0050000 0.0082000
2.6 ©.0021000 0.0013000 0.0007600 0.0027000 0.00342000
2.8 0.0013000 0.0008300 0.0004800 | © 0.0016000 0.0015000
3 0.0008200 0.0005200 0.0003000 0.0009200 0.0006400
3.2 0.0005200 0.0003300 0.0001900 0.0005600 0.0002900
3.4 0.0003300 0.0002100 0.0001200 0.0003400 0.0001400
3.6 0.0002100 0.0001300 0.0000760 0.0002100 0.0000720
3.8 0.0001300 2.0000830 0.0000480 0.0001300 0.0000380
4 0.0000820 0.0000520 0.0000300 0.0000830 0.0000214
4.2 0.0000520 0.0000330 0.0000150 0.0000520 0.0000120
4.4 0.0000330 0.0000210 0.0000120 0.0000330 0.0000074
4.6 0.0000210 0.0000130 0.0000076 0.0000210 0.0000045
4.8 0.0000130 0.0000083 0.0000048 0.0000130 0.0000028
5 0.0000082 0.0000052 0.0000030 0.0000082 0.0000017
5.2 0.0000052 0.0000033 0.0000019 0.0000052 0.0000011
5.4 0.0000033 0.0000021 0.0000012 0.0000033 0.0000007
5.6 0.0000021 0.0000013 0.0000008 0.0000021 0.0000004
5.8 0.0000013 0.0000008 0.0000005 ¢.0000013 0.0000003
s 0.0000008 |  0.0000005 | _0.0000003 0.0000008 0.0000002
*txwrréis danotes a pH value not pemsible for thia acid.becauna of incomplete

ionization.




Exazple 1: In a calendar year, a facility transfers 1.3 million
gallong of a solution ¢ontaining hydrofluoric acid (HF), at pH 4, to
a POTW. Usimg Table 1, a pH of 4 corresponds to a concentratjon of
0.000021 lbs HF/gallon of solution. The weight of HF transferred
can be estimated using the equation:

Trangfar of HCl = (concentration of #r) x (effluent flow rate)

Substituting the values into the above equation yields:

Transfer of HCL = 0.000021 lbs HPF x 1,300,000 gal solution
) ) gal yr

= 27 lbs/fyr

Example 2: A facility bad an episocdic ralease of hydrochloric acid
(HCl) in which the waste atream was temporarily below pH 6. During
the episode, the waste water (pH 1.6) was discharged to a river for
10 minutem st a rate of 106 gallons per minuta. Using Table 1, a pH
0f 1.6 for HCl represents a concentration of 0.0076 lbs HCl/gallon
of solution. The amount of the HCl released can be estimated using
the following eguation:

¢ Release of HCL =~ {concentration of HCl) x (effluent flowrate;
the valusg in the above equation:
j Releass of HC1 = 0.0076 1lbs x 106 gal x 10 min

gal min
= 8 lba/yr

2. mate Treatment ficiesncies for Acid 1izatio

Mineral acid Bolutions that are neutralized to a pH of 6 or above have a
treatment efficiency of 100 percent. If a mineral acid is neutralized to a pE
is less than 6, then the reportable treatment efficiency is somewhare batween
0 and 100 percaent. It is possible to estimate the neutralization treatment
efficiency using the mineral acid concentration values directly from Tabla 1
in the equation below. The concentrations correspond with the pH values
before and after troatment.

Treatment Efficiency = (I-E) x 100
I

whare I = acid concentration before tyreoatment
E = acid concentration after treatment

Exampls 3: An H,PO, acid wastestream of pH 2.4 is neutraliaed to pH
4.6. Using Table 1, the initial acid concentration ia 0.005
mol/liter and the final concentratien is 0.000021 mol/liter.

Substituting thesa values .into the equation for treatment
afficiancy:

Treatment Efficiency = 0.005 - 0.000021 x 100
0.0G5

= 99,6 percent
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For strong acids only (H:S80, HNG,, and HCl), the net difference in pH
can be used more easily to estimate the efficiency by utilizing Table 2, since
pH is directly proportional to the acid concentration Fror exampla, 3 PH
chanae (bafore pH‘—after pH) of one unit resaults in a treatment efficiency of
90 percent, whether the pH change is from pH ! to pH 2 or from pE 4 to pH 5.

The following table summarizes treatment efficiencies for various pH
changes. Some pH changes rasylt in the same treatment afficiency valuas in
the table due to rounding to one dacimal place. Tha pH change is the .
difference batween the initial pH and the pH after neutralization treatment.

TABLE 2: Treatment Efficiencies for Varioua pH Unit Changes
for Sulfuric, Nitric, or szrochloric Acid

pH Unit Treatsent pR Unit Troatsent

Change gfficiency (%) , Changa zﬁg}g}ggg;=;3L
1.0 ' .90.0 2.0 99.0
1.1 92.1 2.1 59.2
1.2 93.7 2.2 99.4
1.3 95.0 2.3 99.5
1.4 96.0 2.4 99.6
1.5 96.8 2.5 89.7
1.6 97.5 2.6 99.8
1.7 58.0 2.7 99.8
1.8 98.4 2.8 95.8
1.9 98.7 2.9 99.9

3.0 e9.9
Iw_ﬂ

Example 4: If a HNO, wastestream of pH 2 is trgated to pH 4, the pH
change is 2 units. Using Table 2 above, the treatment efficiency

is given as 99.0 percent.
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6-12-91 . ESTIMATING RELEASES FOR MINERAL ACID
DISCEARGES USING pH MEASUREMENTS

ADDENDUM

‘Introduction

This addendum explains the derivation of tables in Egtimating Releases

' for Mineral Acid Discharges Using pH Meagurements. In that document, Table 1
shows the acid concentration in lbs/gallon derived from pH values for the .

mineral acids listed below. Alsoc, the derivation of Table 2, which relates
neutraliztion treatment efficiency toc the change in pH for neutralization of
strong mineral acids, is given.

Section 313 Miﬁeral Acids

Molecular
Name : CAS Number Formula’ Weight
. Sulfuric acid 7664-93-9 - H,80, 98.08
. Nitric Acid 7697-37-2 . HNO, 63.01
. Hydrochloric Acid 7647-01-0 HC1 36.46
. Phosphoriec Acid . 7664-38-2 HyPO, 98.00
. Hydroflucric Acid 7664-39-3 ' HF 20.01

Relationship between pH and hvdrogen ign concentration

- The pH or hydrogen ion activity is a measure of the acidity or
alkalinity of a solution. The pH is determined by the hydrogen ion
concentration [H*] when an acid or alkaline solution dissociates into its
charged ionic parts. Acids such as hydrochloric acid disscciate as follows:

(HCl] <-—-=-> [H*] + [Cl7)
. The equation indiéates that an equilibrium exists between the hydrochloric
acid and the hydrogen and chloride ions, although the equilibrium lays far to
the right. The pH is a logarithmic measure of the hydrogen ion concentration:
PH = -log,[H")
which can be réarranged for [H*] to yield:
(H*] = 10™ =1 x 10¥
where [H*] = concentration of hydrogen ions in moles per liter.

\

The following table summarizes {H"] values in moles/liter corresponding
to various pH values:
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TABLE Al: (H"] Vd&lues Corresponding to Various pH Values in Moles/Liter

pH H* pH (H*) - pH [H*]

0 1.0 1.0 0.1 2.0 0.01

0.1 0.79 1.1 0.079 2.1 0.0079
0.2 0.63 1.2 0.063 2.2 0.0063
0.3 0.50 1.3 0.050 2.3 0.0050
0.4 0.40 1.4 0.040 2.4 0.0040
0.5 0.32 1.5 0.032 2.5 0.0032
0.6 0.25 1.6 0.025 2.6 0.0025
0.7 0.20 1.7 0.020 2.7 0.0020
0.8 0.16 1.8 0.016 2.8 0.0016
0.9 0.12 1.9 0.012 2.9 0.0012
pels 1871 pH {HT] _BH _fHY]

3.0 0.001 4.0 0.0001 5.0 0.00001
3.1 0.00079 4.1 0.000079 5.1 0.0000079
3.2 0.00063 4.2 0.000063 5.2 0.0000063
3.3 0.00050 4.3 0.000050 5.3 0.0000050
3.4 0.00040 4.4 0.000040 5.4 0.0000040
3.5 0.00032 4.5 0.000032 5.5 0.0000032
3.6 0.00025 4.6 0.000025 5.6 0.0000025
3.7 0.00020 4.7 0.000020 5.7 0.0000020
3.8 0.00016 4.8 0.000016 5.8 0.0000016
3.9 0.00012 4.9 0.000012 5.9 0.0000012

Strong acid dissociation

3

sStrong acids such as hydrochloric, sulfuric, and nitric acid dissociate
almost completely thus the total molar concentration of the acid is equal to
the [H*] concentration. Since every mole of [H'] represents a mole of acid,
_one can just multiply the hydrogen ion concentration (moles/liter) by the
molecular weight of the acid (gram/mole) to get the acid concentration. To
convert the acid concentration from gram/liter to lbs/gallon, additional
conversion factors are used. Thus the values of acid concentration (lbs/gal)
in Table 1 for H,50,, HNO; and HCl were obtained from the following equation.

Acid concentration lbas = 10™ mol x Mg x _1lbs x 3.78 L
gal L mol 454g gal

where M = molecular waeight of the acid.

Using [H*) values directly from Table Al yields equation Al:

Equation Al:  Acid concentration lbs = H® mol x M g x lbg x 3.78 L
' gal L mol 454g gal -

Example Al: A solution contains hydrochloric acid (HCl), a listed
section 313 toxic chemical at pH 3. The concentration of [H*] of

0.001 mole/liter is obtained from Tabla Al. Using Equation Al, the
acid concentration in lbs/gallon is estimated.

HCl concentration lbs = 0.001 mol x 36.46 g x 1bs_ x 3.78 L
gal L mol " 454g gal

= 0.003 lbs HCl/gallon soluticn
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Weak acid disgociftion

Weak acids, such as phosphoric and hydrofluoric acid, do not dissociate
completely and an equilibrium.is reached in which the concentration of the
undissociated acid is much greater than zero. As a result, the total acid
molar concentration must be calculated aas the sum of the undissociated and the
disgociated acid. Because every mole of hydrogen ion represents one mole of
dissociated acid, the hydrogen ion concentration is used as a measure of the
dissociated acid concentration. By substituting the hydrogen ion
concentration for the dissociated acid concentration, the total acid molar
 concentration is given by Equation A2:

Equation A2: Total acid molar = Concentration of = -+ Hydrogen ion
concentration undissociated acid concentration

Hydrofluoric acid

For hydrofluoric acid, the dissociation is expressed as:
_HF <=———- -> H* + F

The total acid molar concentration for hydrcflubric acid is given by Equation
A3: ' .

Equation A3: Total hydrofluoric acid = [HF] + [H"]
molar concentration

In order to determine the concentration of undissociated acid,’' {HF], the
equilibrium constant, which represents the degree of dissociation of the acid,
must be used. The equilibrium constant, K, for HF is given by Equation A4:

Egaution A4: K = [HY1[F)
(HF]

Since every mole of dissociated hydrogen ion produces one mole of
fluoride ion, then [H*] = [F). The K, for hydrofluoric acid is 3.5 x 107
(CRC). Substituting these values into Equation A4 yields:

3.5 x 10* = [H*)?
[HF]

Solving for [HF}; the equation becocmes:

(EF] = [H*1?
3.5 x 10*

This value for [HF] can be subatituted into Equation A3 and, . therefore,
the total acid molar concentration for hydrofluoric acid is given by Equation
A5 - ‘ !

Equation AS: Total hydrofludric acid mol = [H*]? + {H*]
' molar concentration L 3.5 x 10* ' :

The [H*] concentration for a given pH can be found using Table A, the
total acid molar concentration .calculated and then converted into lbs/gallon
using the similar approach as for the strong acids by. equation AS:

" Equation Aé6: -

Total Acid Concentration lbg = Acid Conc. mol x M g X lbs x 3.78 L
" gal L mol 454g gal

]



A4
where M = ac¥d molecular weight

See the éummary equations on page A7.

Exampla A2: A solution of hydrofluoric acid has a pH of 5.
Using Table Al, the value of [H™) is 0.00001 moles/liter. For HF,
use equation A5 to calculate the total acid molar concentraton
(moles/liter). : .

Total hydrofluoric acid [H*]? [HY)
molar concentration 3.5 x 1l0*

{0.00001)2 + 0.00001
0.00035

0.00001 moles HF/liter solution

Now use equation A€ to convert the concentration inte lbé/gallon.
The molecular. weight of BF is 20.01.:

Total HF Acid Conc.lbs = Acid Conc. mol x M g x _lbs x 3.78 L

ga L mol 454g gal

0.00001 mol x 20.01 g x lbs x 3.78 L
L mel 454g gal

1.7x10% or 0.0000017 lbs HF
. gal solutien

Because hydrofluoric acid is a weak acid and does not dissociate

completely, there exists a lower pH limit, denoted by ***** in Table 1. This

“limit can be estimated by usxng a thecrectical maximum acid concentration,
-egquation A5 and pH = -log,[H']. For HF, the maximum posa;ble concentration
‘approaches 100% since the acid is infinitely soluble in water. At 100%
concentration, the density of HF is 0.9576 g/ml at 25°C (Kirk-Othmer).
Therefore the concentration of HF in mol/L can be calculated as follows:

0.5576 g x 1000 ml x mole HF = 47.86 mol = Total HF concentration
ml L 20.01 g L

Eqaution AS can be rearranged to give equation A6:

Equation AS: Total hydrofluoric acid mel = [ET)? S+ [HT]
molar concentration L 3.5 x 10°

Equation A6: [H*)? + (3.5x10*)[H"] - (3.5x10")(Total HF conc.) = 0
Substituting Total HF concentration = 47.86 mol/L gives:

[B*}? + (3.5x10%)(H*] - (1.68x10%) = O
where [H'] is equal to 0.13 moles/L. Therefore:

pH = =log,, [H*] = =logy, (0.13) = 0.88

Therefore, a pH of -0.88 is the theorectical lowest pH that can be measured
a HF solution.

for
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Phosphoric Jcid

Three dissociations exist for phosphoric acid:

{1) HPO; <-—————- > H* + H,PO,
(2) H,PO, <=mmor=- > H' + HPOZ
(3) CHPO? <———==-- > HY + POS

The second and third dissociations are very amall and are considered to be
negligible compared to the first dissociation of phosphoric acid. Because
their contribution to the hydrogen ion concentration is expected to be toco
small to affect the results, only the first dissociation of phosphoric acid
will be considered when calculating the total acid molar concentration.
Thus for phosphoric acid, the total acid molar concentration is given by
Equation AS8.

"Equation AS8: Total phosphoric acid =  {H,PO,] + {H"]
molar concentration

For the first dissociation of pheosphoric acid, the equilibrium conatant,
K,, is given by Eguation AS,

Equation A9: K = [H*1[H.POS)
[H,PO,]

where K, = 7.5 x 10° (CRC) and
[B,PO.] = [H™]

Substituting these values into Equation A% yielda:

7.5 x 107 = _ [H*)?
[HsPO, ]

Solving for [H,P0,], Equation AS becomes:

[HfO,] = __(H"1®
7.5 x 10°?

This value for [H,FO,] can be substituted into Equation A8 and,
therefore, the total phosphorxc acid molar concentration is given by Equation
al0.

Equation Al0: Total phosphoric acid mol = [H*]2 + [H']
molar concentration- L 7.5 x 10? -

Similarly, as was done for hydrofluoric acid, the values of [E*] can be
obtained from Table Al and then the resulting phosphoric acid molar
concentration can be converted to pounds per gallon by using Equation A6.
See the summary equations on page A7.

Because phosphoric acid is a weak acid and does not dissociate
completely, there exist a low pH limit. Assuming a maximum concentration of
85.5% H,PO, in water with a solution denslty of 1.70 g/ml (Lange's), the molar
concentration of H,PO, would be:

1.70 g x 1000 m]l x 0.855 g H.,PO, x mole HPQ, = 14.8 mol
L. g solution 98 g L

Using this concentration, equation AlQ0, and pH = -log {H"], and similar
calculations as was done for hydrofluoric acid, the lower limit pH is
. calculated as 0.48, with (H*] = 0.33 mol/L.
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3. Neutraljizatfon Treatment Efficiencies for Acid Solutions

For neutralizaticn of acid solutions, the treatment efficiencies can be
expresgsed as the mass percentage of the listed acxd that has been neutralized.
The calculation follows Egquation All.

Equation All: Treatment Efficiency = (I-E) x 100
. . I

where I = acid concentration bafore treatment
E = acid concentration after treatment

For strong mineral acids such as sulfuric, nitric and hydrochloric acid,
the acid concentration is directly proportional to the [H*] concentration
which is directly related to pH. This can be illustrated by using the [HY)
values directly from Table Al for the pre~ and post-treatment pH values.

Example A3: A sulfuric acid wastestream of pH 2 is treated with a
mild base to raise the effluent to pH 3. Therefored, the pH,.. = 2,
and the pH,, = 3. Using Table 1, the following [H¥] values are
obtained:

[H" )i = 0-01 mol
L

[H" ]y = 0.001 mol
L

Substituting these values into Equation All, the treatment
efficiency is given by:

Treatment Efficiency = 0.0} - 0.001 x 100
0.01

= 90.0 percent

Example Ad: An HCl acid waste stream of pH 2 is neutralized to pH
4. Therefore, the pH.,, = 2, and the pH,, = 4. Using Table 1, the
following {H*] values are obtained: e

[H*]uen = 0.01 mol

L
[H*]u = 0.0001 mol

L

Substituting these values into Equation All, the treatment
efficiency is given Dby:’

Treatment Efficiency = 0.0l - 0.0001 x 100
0.01

= 99,0 percent
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As illustrafed in the above examples, a small change in the pH of a
sclution results in a large treatment efficiency due to the logarithmic nature
of the pH scale. Specifically, a pH change of one unit results in a treatment
efficiency of 90 percent, whether the pH change is from pH 1 to pH 2 or from
PH 4 to pH 5. Table 2 in the previous document was developed by calculating
various treatment efficiencies for different pH changes using [HY] values from
Table Al. Table 2 was developed for strong mlneral acids.

For weak mineral acids such as phosphoric acid and' hydrofluoric acid,
the efficiency valuas.in Table 2 are closely approximate, but not exact, since
the acid concentration is not linearly proportional to {H'] or pH. For
example, in Example 3 in the previcus document, a phosphoric acid stream whose
pH changed from 2.4 to 4.6 had a treatment efficiency of 99.85%., If Table 2
is used (for a pH change of 2.2), the treatment efficiency is estimated at
99.4%.

Summary of Egquations Used to Develo Table

Note: 10™ = [H*]

Sulfuric Acid H,S0,

lbs = 10™ x 98.08 x 3.78
gal - 454

or

lbs = [H"] x 98.08 x 3. 78’
gal 454 .

Nitrie Acid  HNO,

lbs = 10% x £3.01 x 3.78

gal 454 ’
or

lbs = [H*} x 63.01 x 3.78

gal 454

Hydrochloric Acid HCl

lbas = 10™ x 36.46 x 3.78
gal - 454

or
lbg = [H*] x 36.46 x 3.78
gal 454

Pheosphoric Acid  H,PO,

ibs= {Lo_)_+10*“} 98.0 x 3.78
gal 0.0075 454

or
. 1bg= { [H*]1®? + (H"] } x 98.0 x 3.78
gal 0.0075 454
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Hydrgfluoric Aecid HF

lbs= { {1072 + 10# } x 20.01 x 3.78

gal 0.00035. 454
or
lbs= { [H*]2 + (HY) } x 20.01 x 3.78
gal 0.00035 454 '
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